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Abstract

Background: Interdisciplinary evaluation of older adults’ health care is a priority in the prevention of chronic health conditions
and maintenance of daily functioning. While many studies evaluate different physical performance tests (PPTs) from a retrospective
view in predicting mortality or cardiopulmonary health, it remains unclear which of the commonly used PPTs is the most effective
at evaluating the current health of older adults. Additionally, the time and participant burden for each PPT must be considered
when planning and implementing them for clinical or research purposes.

Objective: This cross-sectional study aimed to determine how elements of overall physical capacity, performance, and other
nongait factors in older adults affect the results of 3 commonly used tests: the Short Physical Performance Battery (SPPB),
6-minute walk test (6MWT), and Incremental Shuttle Walk Test (ISWT).

Methods: A total of 53 community-dwelling older adults met the inclusion and exclusion criteria (mean age 77.47, SD 7.25
years; n=41, 77% female; and n=21, 40% Hispanic). This study evaluated older adults using 3 different PPTs including the SPPB,
6MWT, and ISWT, as well as constructed multiple linear regression models with measures of physical activity, static balance,
and fear of falling (FoF). The nongait measures included 7 days of physical activity monitoring using the ActiGraph GT9X Link
instrument, objective measurement of static balance using the BTrackS Balance System, and FoF using the short Fall Efficacy
Scale-International.

Results: The models revealed that the complete SPPB provided the most comprehensive value, as indicated by a greater R2

value (0.523), and that performance on the SPPB was predicted by both moderate to vigorous physical activity (P=.01) and FoF
(P<.001). The ISWT was predicted by moderate to vigorous physical activity (P=.02), BMI (P=.02), and FoF (P=.006) and had

a similar R2 value (0.517), whereas the gait component of the SPPB (P=.001) and 6MWT (P<.001) was predicted by only FoF

and had lower R2 values (0.375 and 0.228, respectively).

Conclusions: The results indicated the value of a multicomponent, comprehensive test, such as the SPPB, in evaluating the
health of older adults. Additionally, a comparison of the 2 field walking tests (ISWT and 6MWT) further distinguished the ISWT
as more responsive to overall health in older adults. In comparing these commonly used PPTs, clinicians and researchers in the
field can determine and select the most optimal test to evaluate older adults in communities and research settings.
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Introduction

Older adults are a rapidly increasing population that experiences
increased chronic health conditions [1] and decreased daily
functioning [2] compared to the general population. Physical
activity is a key intervention recommended by health care
providers to decrease the incidence of chronic health conditions,
increase the ability to perform activities of daily living, and
improve overall quality of life [3-5]. As such, evaluating
physical capacity and health is of critical importance in older
adults. Various physical performance tests (PPTs) have been
shown to be important predictors of mortality [6]; however, few
studies have compared the relevance of different PPTs to older
adults’physical activity, static balance, BMI, and fear of falling
(FoF) within the same population of older adults. Here, this
study aims to determine the PPT that is the most affected by
overall physical capacity, performance, and other factors in
older adults by comparing 3 commonly used tests (the Short
Physical Performance Battery [SPPB], 6-minute walk test
[6MWT], and Incremental Shuttle Walk Test [ISWT]).

Decreased physical performance in older adults has been
associated with an increased risk of cardiovascular disease,
physiological fall risk, and earlier onset of mental health
conditions [7-9]. Cardiovascular disease is the leading cause of
death in the United States [10]. For older adults specifically,
declines in cardiovascular health have been shown to lead to
further disability [7], highlighting the need for early detection
using tests that are easy to perform. Time spent in moderate to
vigorous physical activity (MVPA) is a cardioprotective measure
associated with a lower incidence of cardiovascular disease and
coronary heart disease in older adults [11,12]. However,
measuring physical activity objectively requires equipment such
as accelerometers or movement trackers. Similarly, 30% to 40%
of older adults experience a fall yearly [13]. Identifying people
at higher risk of falling has both social and financial incentives,
as falls exacerbate existing health conditions, further decrease
the quality of life for older adults, and cause injuries that pose
a significant financial burden for the health care system [14].
Fall risk is assessed objectively by devices that test static balance
and subjectively through questionnaires such as the short Fall
Efficacy Scale-International (FES-I). Measuring both the
physiological and perceived fall risk can help us understand the
incongruence between balance performance and FoF in older
adults to inform targeted fall prevention strategies [15]. Finally,
physical performance has also been associated with mental
health including earlier onset of depression in older adults with
poor performance. However, most of these studies that outline
the implications of changes in physical performance were
performed using different tests in different populations, often
relying on longitudinal or retrospective data. Given these
implications, the tools used for the assessment of physical
activity and fall risk are of paramount importance [16,17].

Three PPTs—the SPPB, 6MWT, and ISWT—are compared in
their response to physical activity levels, static balance, and
FoF in older adults. Each of these PPTs is commonly used by
physicians and health care personnel in evaluating the physical
fitness of older adults and recovering patients [18-20]. The
SPPB is a PPT of lower mobility that has been shown to be
associated with physical activity, static balance, and FoF
[21-23]. The SPPB is composed of 3 different parts, including
a gait speed component. The 6MWT is a gait measure associated
with static balance and FoF [24,25]. Similarly, the ISWT is a
more recent gait-related measure conducted incrementally and
associated with physical activity and dynamic balance [26,27].
While the SPPB has been widely used as a measure of overall
physical function and frailty, the use of 6MWT and ISWT has
been predominantly limited to characterizing cardiopulmonary
functional capacity and shown to be predictive of outcomes for
patients with heart failure [28-30]. Some work has investigated
the differences between the specified PPTs; however, this mainly
consists of meta-analyses comparing multiple studies or studies
that focus on the predictive value of the measure in health
outcomes [6,31,32]. These PPTs were selected for their
widespread use and similar purposes; by comparing their
effectiveness when modeled by nongait components of physical
health, we aim to determine which provides the most
comprehensive value for the time and methods involved in each.
As more studies are conducted on the aging population,
researchers are likely to use one of the abovementioned PPTs
to evaluate physical capacity and well-being in clinical and
nonclinical older adults. By evaluating the more holistic SPPB
alongside the gait component of SPPB, the 6MWT, and the
ISWT, this study aimed to determine how the 3 PPTs are
affected by overall physical capacity, performance, and other
nongait factors in older adults.

Methods

Overview
In this cross-sectional study, 65 participants were recruited from
Central Florida using word of mouth, announcements, and flyers.
Participants were selected using purposive sampling, based on
the following inclusion criteria: (1) aged 60 years or older, (2)
being able to walk with or without an assistive device (but
without the assistance of another person), (3) fluency in English
or Spanish, and (4) living in their own homes or apartments.
The exclusion criteria were (1) having a medical condition that
may preclude participation in balance tests (eg, inability to stand
on the balance plate) and physical activity (eg, shortness of
breath, dizziness, and tightness in the chest or unusual fatigue
at light exertion), (2) currently receiving treatment from a
rehabilitation facility, and (3) having medical implants (eg,
pacemakers).
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Data Collection and Procedure
This study required 2 visits to the study site, and the data were
collected from September 2022 to March 2023. In the first visit,
participants completed a demographic survey and
anthropometric measurements, followed by assessments of FoF
and static balance. Then, participants completed the PPTs,
including the SPPB, 6MWT, and ISWT.

At the end of the first visit, each participant was provided a
wrist-worn accelerometer and wore it for 7-day physical activity
monitoring in free-living conditions. On the second visit,
participants returned the accelerometer and were compensated
with a US $30 store gift card for their participation in the study.

Ethical Considerations
The study was approved by the Institutional Review Board at
the University of Central Florida (protocol STUDY00004365).
All participants provided written informed consent to participate.
The data have been anonymized and deidentified. Participants
were compensated with a US $30 gift card for their participation
in the study.

Assessments

PPTs
For each of the following PPTs, trained research assistants
demonstrated the procedure to the participant prior to the
participant performing the test.

SPPB
The SPPB comprised 3 tests, which were performed in the
following order: the standing balance test, the gait speed test,
and the chair stand test [33].

The standing balance test took place in a quiet area with no
visual distractions. Participants were instructed to wear
comfortable footwear with a heel less than 3 cm (~1 inch) while
performing three balance tests: (1) side-by-side stand: the
participant attempted to stand with feet together, side-by-side,
for 10 seconds; (2) semitandem stand: the participant attempted
to stand with the side of the heel of one foot touching the big
toe of the other foot for 10 seconds (participants were informed
to start with the foot of their preference as per protocol [28]);
and (3) tandem stand: the participant attempted to stand with
the heel of one foot in front of and touch the toes of the other
foot for about 10 seconds.

In the gait speed test, participants walked along a 4-meter course
at their usual walk speed (ie, the pace walked from one place
to another without urgency such as down a street or hallway).
Participants were permitted to use assistive devices if required
and completed the walk 2 times, for which the fastest attempt
was recorded for scoring.

In the chair stand test, the participant was instructed to rise from
a chair and sit down 5 times, as quickly as possible, without
using their arms, and recorded the time required to complete
the 5 chair stands. For each test, the experimenters demonstrated
the task and guided the participant to the appropriate position,
after which they started the test. Additionally, if the participant
could not continue with the task for any reason, the test was
terminated.

6MWT
Participants walked along a flat, straight corridor of 12 meters
in length, back and forth, as many times as they could for 6
minutes at their own pace. Participants were encouraged every
60 seconds using standardized phrasing. After 6 minutes, the
total distance walked was recorded [34].

ISWT
A 10-meter course was marked with 2 cones. Upon reaching
the second cone, the participant turned around, as modeled by
the experimenter. Audio recordings of standardized instructions
were played for participants to indicate walking speed. Each
time the participant reached a cone was considered as 1 shuttle
(ie, representing a 10-meter distance) and every single bleep
from the audio recording signaled the end of a shuttle. The
walking speed was progressively increased every minute,
indicated by a triple bleep, and the test ended when the
participant was unable to reach the turnaround points within
the required time [35].

Physical Activity
The participants were instructed to wear the ActiGraph GT9X
Link instrument (ActiGraph LLC) on their nondominant wrists
for 7 consecutive days in a free-living environment. The
ActiGraph accelerometer has been validated for assessing
free-living physical activity [36]. After 7 days, the
accelerometers were removed, and the raw data were
downloaded and processed in R statistical software (R Core
Team) using the GGIR package [37].

The data processing steps included (1) the autocalibration of
acceleration signals according to local gravity [38]; (2) nonwear
time detection; and (3) the calculation of the Euclidean norm
(ie, vector magnitude) of acceleration minus 1 g, expressed in
milli-gravitational units or mg (described as the sum of the
squared acceleration components [Euclidean norm] minus 1 g).
The time periods spent in sedentary behavior (SB),
light-intensity physical activity (LPA), and MVPA were
estimated using the following nondominant wrist–specific
Euclidean norm minus 1 g cutoff points for older adults, adopted
from the literature: (1) SB<30 mg, (2) 30 mg≤LPA<100 mg,
and (3) MVPA≥100 mg [38-41]. Participants with at least 4
valid days were included in the analysis, and only days during
which the accelerometer was worn for at least 14 hours were
counted as valid days [38].

Static Balance
Static balance was assessed using the BTrackS Balance System
(BBS). The BBS includes a portable BTrackS Balance Plate
(BBP) and BTrackS Assess Balance software running on a
computer device. The BBP’s dimensions were 15.5 × 23.5 ×
2.5 in, weighing 6.58 kg (approved by the Food and Drug
Administration). The participant stood as still as possible on
the BBP for four 20-second trials. The software produced a
normalized score using the BBS database to evaluate the
performance of others of the same age and sex [42].

FoF
FoF was assessed using the short FES-I, which consists of a
total of 7 items (eg, going in or out of a chair) on a 4-point scale,
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measuring concerns about the possibility of falling when
performing activities (eg, getting dressed), which have been
validated for community-dwelling older adults [43,44]. Total
scores range from 7 to 28, where higher total scores indicate
higher FoF [45]. Participants completed the short FES-I in a
quiet and private room prior to PPT testing.

BMI
Height and weight were measured by experimenters using a
stadiometer, and BMI was calculated by dividing the weight

(kg) by the square of the height (m2) [46].

Data Analysis
All statistical analyses were performed in R statistical software
(version 4.3.0). Pearson correlation coefficient is appropriate
for linear relationships, assumes normality, and achieves
efficiency when linearity and normality assumptions are met,
whereas Spearman rank correlation coefficient is suitable for
nonlinear relationships, ordinal or nonnormally distributed data,
and is robust to outliers [47]. As such, the correlation analysis
was performed using the Spearman correlation coefficient to
maintain validity for both normally distributed and nonnormally
distributed variables. The correlation matrix was produced using
the R package corrplot. The normality of variables was tested
using the Shapiro-Wilks test. The effects of race and sex on
PPT results were tested separately using ANOVA and
Kruskal-Wallis tests, for normal and nonnormally distributed
variables, respectively.

Multiple linear regression analysis was conducted to investigate
the relationship between each PPT (SPPB, ISWT, and 6MWT)

as outcome variables and the following predictors: physical
activity (MVPA), static balance, FoF, BMI, and age. A priori
sample size calculation for multiple linear regression revealed
that the minimum number of samples for 5 explanatory variables
at a statistical power level of 0.8, α=.05, and large effect size

(Cohen f2=0.35) would be 43; therefore, our sample size (ie,
N=53) had sufficient statistical power for multiple regression.

Results

Overview
This study included 53 older adults (mean age 77.47, SD 7.25
years) who were 77% (n=41) female. The sample included 5
(9%) African American, 21 (40%) Hispanic, 26 (49%) White,
and 1 (2%) other race older adults.

Correlation Analysis
Spearman correlation coefficients for measures of physical
activity (SB, LPA, and MVPA) yielded significant correlations
with all measures (P<.05), except static balance (BBS) and
BMI. Among the PPTs, the SPPB showed significant
correlations with all measures, except BMI; the ISWT was
correlated with all measures except static balance; and the
6MWT was correlated with all except LPA, static balance, BMI,
and age. FoF (FES-I) was correlated with all measures except
static balance and BMI. Static balance and BMI were both only
correlated with a few measures (MVPA, SPPB, and ISWT),
and age was correlated with all except 6MWT, static balance,
and BMI (Figure 1).

Figure 1. Correlation matrix between all collected and analyzed measures of physical performance tests. All values are significant (P<.05) Spearman
correlation coefficients. Blank cells indicate insignificant relationships (P>.05). 6MWT: 6-minute walk test; BBS: BTrackS Balance System; FES-I:
Fall Efficacy Scale-International; ISWT: Incremental Shuttle Walk Test; MVPA: moderate to vigorous physical activity; SPPB: Short Physical
Performance Battery.
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Effects of Sex and Race
The effects of sex and race were tested separately with ANOVA
test and Kruskal-Wallis test for nonparametric variables, to
evaluate differences in performance on the 3 PPTs, as shown
in Table 1. For sex, the female group (n=41) was compared to
the male group (n=12), finding no differences in the SPPB,

6MWT, or ISWT (P>.05; Table 1). Similarly, for race, the
African American (n=5), Hispanic (n=21), and White (n=26)
groups were compared, finding no differences in the SPPB,
6MWT, or ISWT (P>.05; Table 1). “Other” race was excluded
in the tests as the sample size was 1. Based on these
nonsignificant differences, sex and race were not included as
covariates in the multivariable regression models below.

Table 1. ANOVA and Kruskal-Wallis tests comparing performance on PPTa by sex and by race.

P valueTestDemographics effect and PPT

Sexb

.09Kruskal-WallisSPPBc

.34ANOVA6MWTd

.05ANOVAISWTe

Racef

.47Kruskal-WallisSPPB

.48ANOVA6MWT

.42ANOVAISWT

aPPT: physical performance test.
bFemale (n=41) and male (n=12).
cSPPB: Short Physical Performance Battery.
d6MWT: 6-minute walk test.
eISWT: Incremental Shuttle Walk Test.
fAfrican American (n=5), Hispanic (n=21), and White (n=26).

Normality
The Shapiro-Wilks tests revealed that 4 of the 9 variables (SPPB,
MVPA, static balance, and FoF) were not normally distributed.

Multivariable Linear Regression Models
The multivariable regression models were used on each PPT
(SPPB, ISWT, and 6MWT), as well as the gait component of
SPPB (SPPB-G; 4-meter gait speed test) to relate them to the
following predictors: physical activity (MVPA), static balance,
FoF, BMI, and age (years).

Performance on the SPPB was significantly predicted by MVPA
and the FES-I (Table 2). Performance on the 6MWT was
significantly predicted solely by the FES-I (Table 3).

Performance on the ISWT was significantly predicted by
MVPA, BMI, and the FES-I (Table 4). Performance on the
SPPB-G was similar to the 6MWT in that it was only predicted
by the FES-I (Table 5). Supplemental analyses removing the
FES-I as a covariate in the multivariable models showed no
significant predictors for the 6MWT; however, the SPPB was
then predicted by both MVPA and static balance, and the ISWT,
as well as the SPPB-G, was predicted by MVPA, BMI, and age
(Multimedia Appendix 1). Among the 3 models, the adjusted

R2 value for the SPPB (0.523; Table 2) was greater than those
for the 6MWT (0.228), ISWT (0.517), and SPPB-G (0.375).
The models without the FES-I as a predictor showed decreased

adjusted R2 values (all <0.500).
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Table 2. Short Physical Performance Battery multivariable regression model.

P valueη295% CIβPredictorsa

.001N/Ab5.86 to 20.0212.94(Intercept)

.010.400.00 to 0.03.02MVPAc

.150.14–0.04 to 0.01–.02BBSd

<.0010.33–0.53 to –0.20–.36Short FES-Ie

.750.417–0.09 to 0.12.02BMI

.760.201–0.08 to 0.06–.01Age

aR2/R2 adjusted: 0.569/0.523.
bNot applicable.
cMVPA: moderate to vigorous physical activity.
dBBS: BTrackS Balance System.
eFES-I: Fall Efficacy Scale-International.

Table 3. 6-minute walk test multivariable regression model.

P valueη295% CIβPredictorsa

.004N/Ab104.65 to 822.29463.47(Intercept)

.470.18–0.40 to 1.06.33MVPAc

.670.01–1.16 to 1.37.11BBSd

<.0010.24–24.22 to –7.19–15.70Short FES-Ie

.67<0.01–6.40 to 3.92–1.24BMI

.99<0.01–3.61 to 3.65.02Age

aR2/R2 adjusted: 0.357/0.288.
bNot applicable.
cMVPA: moderate to vigorous physical activity.
dBBS: BTrackS Balance System.
eFES-I: Fall Efficacy Scale-International.

Table 4. Incremental Shuttle Walk Test multivariable regression model.

P valueη295% CIβPredictorsa

<.001N/Ab554.88 to 1658.471106.67(Intercept)

.020.460.24 to 2.481.36MVPAc

.490.04–2.60 to 1.28–.66BBSd

.0060.21–31.88 to –5.70–18.79Short FES-Ie

.020.07–17.24 to –1.37–9.30BMI

.090.06–10.38 to 0.78–4.80Age

aR2/R2 adjusted: 0.563/0.517.
bNot applicable.
cMVPA: moderate to vigorous physical activity.
dBBS: BTrackS Balance System.
eFES-I: Fall Efficacy Scale-International.

Interact J Med Res 2024 | vol. 13 | e53304 | p. 6https://www.i-jmr.org/2024/1/e53304
(page number not for citation purposes)

Banarjee et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 5. Gait speed component of the Short Physical Performance Battery multivariable regression model.

P valueη295% CIβPredictorsa

.001N/Ab2.71 to 9.596.15(Intercept)

.170.25–0.00 to 0.010MVPAc

.64<0.01–0.01 to 0.010.00BBSd

.0010.28–0.22 to –0.06–.14Short FES-Ie

.94<0.01–0.05 to 0.050BMI

.190.04–0.06 to 0.01–.02Age

aR2/R2 adjusted: 0.435/0.375.
bNot applicable.
cMVPA: moderate to vigorous physical activity.
dBBS: BTrackS Balance System.
eFES-I: Fall Efficacy Scale-International.

Discussion

Principal Findings
This study examined associations between several measures of
physical performance and general physical health of older adults,
including physical activity, static balance, FoF, and BMI. We
found several significant correlations between PPTs and physical
health measures and further explored these with multivariable
regression models evaluating the health measures that are drivers
of each PPT.

The full correlation analysis showed significant correlations
(Figure 1) between most physical activity and PPTs, as well as
the subjective measure of FoF (FES-I). By characterizing
multiple measures of physical performance in the same sample,
this study is the first to our knowledge to evaluate and compare
the comprehensive value of 3 commonly used PPTs (SPPB,
6MWT, and ISWT). Among each test, the SPPB showed the
greatest magnitude and consistency of significant correlations.
Additionally, we note the similarity of significant correlations
between objectively measured physical activity and subjectively
measured FoF, emphasizing the value of subjectively collected
measures in older adults.

The multivariable regression models further evaluated the
comprehensive value and relevance of each PPT to the physical
activity, balance, FoF, and BMI of older adults. The complete
SPPB model (Table 2) was both predicted by more variables

and characterized by a higher adjusted R2 value than the models
predictive of gait function only (SPPB-G, ISWT, and 6MWT),
indicating a greater value in holistic testing. Performance on
the SPPB was significantly predicted by the FESI-I; MVPA;
and in the absence of the FES-I, static balance. Designed to
assess lower extremity functioning, the SPPB includes measures
of standing balance, 4-meter gait speed, and the time needed to
rise from a chair 5 times. This multipart test is easy to perform
and evaluates several parts of daily physical functioning,
indicated by the static balance test, a field walking test, and a
sit-to-stand test included in the protocol. As such, the SPPB
was a more comprehensive measure of older adults’ physical
health, evidenced by its associations with MVPA and static

balance. Separating the SPPB-G provided a foundation upon
which to compare the gait-based PPTs. In Table 5, the gait speed
on the 4-meter course was predicted by the FES-I. Very
similarly, the 6MWT (Table 3) was only predicted by the FES-I,
suggesting that performance on this test is more related to the
effect of subjective FoF and its impact on willingness to
participate in physical activity. Furthermore, the 6MWT is
limited by several factors, including variable standardization
of testing and the learning effect, where repeated administration
influences performance on the test [48-50]. The 6MWT is
focused on lower limb mobility as a PPT [25], and as such, may
be more of an indicator of gait performance and variables related
to mobility rather than overall health. This focus on mobility is
observed in the relationship between 6MWT performance and
its only significant predictor, the FES-I.

The ISWT was similar to the 6MWT in its aim of assessing
gait; however, the ISWT is performed incrementally and
externally paced. As such, it was expected to be more integrative
of overall health, supported also by a higher magnitude of
correlation coefficients for the ISWT than for the 6MWT. We
found that the ISWT was predicted by 3 components of overall
health in older adults: MVPA, BMI, and the FES-I (Table 4).
While the ISWT was more parsimonious in nature than the
SPPB, as shown by its multiple predictors, disadvantages include
the intensity and fatiguing nature of the ISWT. The similarity
of the ISWT to the 6MWT validated its link with FES-I scores,
although this has not been validated in the literature for the

ISWT. Additionally, the R2 values for the ISWT were more
similar but not as large as the complete SPPB, and larger than
the values for the SPPB-G and 6MWT, indicating its possible
superiority as a comprehensive PPT. The implications of such
a finding are its increased use as a standardized tool in geriatric
clinician visits or preferential use of a more robust measure
when evaluating gait. The broader impact of using the ISWT
relates to that it is cost-effective and relatively user-friendly,
not requiring significant training to administer.

Comparison to Previous Work
Our finding of associations between physical activity and FoF
is consistent with previous literature [21-23] indicating the
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effectiveness of PPTs in evaluating overall physical health.
Among the specific PPTs, the relationship between the 6MWT
and FoF is also supported by previous literature, which has
found that performance on the 6MWT has previously been
associated with both physiological fall risk [51] and more
subjective responses to FoF, as measured by the FES-I [52].
However, this study found a lack of other significant predictors
of performance on the 6MWT, which could contribute to its
decreased potential for assessing the overall health of older
adults in research and outpatient settings. The multiple predictors
of the ISWT are more difficult to justify based on previous
literature, which shows mixed results between physical activity
and ISWT performance. One study among patients with heart
failure has reported significant correlations between performance
on the ISWT and physical activity levels [26]. However, another
study in patients with chronic obstructive pulmonary disease
did not find a relationship between physical activity and ISWT
distance [53]. The relationship of the ISWT with BMI is notable,
in that it is indicative that the more incremental approach to the
walk test may be representative of overall body composition
and mass. This finding has previously been reported as the result
of increased exertion during the ISWT than during the 6MWT,
evidenced by a higher peak heart rate [54,55]. However, the
administration of the ISWT involves an externally set pace and
is typically used for adults with chronic obstructive pulmonary
disease; this may limit the applicability of this test for older
adults with impairments, as shown by studies demonstrating
decreased walking distance on the ISWT compared to the
self-paced 6MWT for adults with disabilities [56].

Strengths and Limitations
First, this study was limited by a small sample size to represent
several variables of overall health. This was evident in the power
analysis with a large, anticipated effect size. However, the depth
of data collected on each participant is a clear strength that
reflected the contribution of this work to the body of literature
on PPTs. Each participant completed 3 PPTs, physical activity
monitoring for several days, static balance testing, an FoF
questionnaire, and BMI measurement. In doing so, this study
allowed for direct comparisons of PPTs conducted in the same
sample. Second, the study sample consisted of predominantly
female participants (41/53, 77%). While this is representative
of the population of community-dwelling older adults who
attend community centers, it is an additional factor that may
impact the results. To address this, separate ANOVAs and

Kruskal-Wallis tests were conducted to evaluate the effect of
sex and age and include them as appropriate in the analysis.

The results of this study emphasized the value of the SPPB as
an indicator of overall physical health in older adults. As this
population grows in size, it is critical to determine optimal
standards of physical health assessment. In identifying the SPPB
as an optimal indicator, the authors not only validated its use
in both identifying older adults at higher risk for falls and
adverse health events but also set a standard for future research
in older adults. Additionally, while the 6MWT and ISWT are
both field walking tests, a comparison between these 2 tests
provided clarification on the response of the ISWT to measures
beyond its primary variable of interest, aerobic capacity. By
consolidating various measures of PPT into a single, more
comprehensive test, experimental and epidemiological studies
are more easily compared and reproduced.

Future Directions
To expand this work, further studies should validate these
findings in older adult samples from different communities to
evaluate the external validation, as well as clinical differences
over longitudinal data collection. Additionally, the mechanisms
behind how each of the physical health measures affects the
PPTs remains unknown. Interdisciplinary work can evaluate
the multifaceted drivers of physical performance and their
physiological mechanisms. Understanding these may provide
further support and additional interventions for older adults.

Conclusions
This study found that the SPPB was more comprehensive and
responsive to overall physical health compared to the 6MWT
and ISWT in older adults. In particular, the SPPB was predicted
by both physical activity levels and FoF. It assessed balance,
gait speed, and lower extremity strength through its inclusion
of standing balance tests, walking, and chair stands. In contrast,
field walking tests, like the 6MWT and ISWT, were more
limited in their associations. These findings suggested that the
SPPB should be standardized as the optimal physical
performance measure in geriatric research and care, as it allows
earlier identification of those at risk of functional decline.
However, the ISWT may still provide value in revealing
limitations at higher exertion capacities that are not apparent
with the SPPB. More comparative research is warranted to
develop the best assessment battery for evaluating multifaceted
geriatric health.

Acknowledgments
The authors would like to thank Miguel Griselas-Coca for his help with data collection, as well as all the participants for making
this work possible. This work was funded by Interdisciplinary Research SEED funding sponsored by the University of Central
Florida College of Graduate Studies (AWD00001720). This work was also supported by the National Institute on Minority Health
and Health Disparities (R01MD018025), and the Office of the Director, Chief Officer for Scientific Workforce Diversity (COSWD)
Office (3R01MD018025-02S1) of the National Institutes of Health. The funding body was not involved in the study design, data
collection, data analysis, or writing of the manuscript.

Data Availability
The datasets generated during or analyzed during this study are available in the Open Science Framework repository Comparison
of Physical Performance Tests in Older Adults [57].

Interact J Med Res 2024 | vol. 13 | e53304 | p. 8https://www.i-jmr.org/2024/1/e53304
(page number not for citation purposes)

Banarjee et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Authors' Contributions
JHP, LT, RX, and DHF contributed to the funding acquisition, conceptualization, and study design. RC, JHP, LT, DHF, and JRS
coordinated the study and collected data. CB, JHP, and RX contributed to the data analysis. CB wrote the original draft, and RC,
JHP, RX, DHF, JRS, and LT contributed to the revision of the original draft. All authors have agreed to the final version of the
paper.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Supplementary analyses investigating the significance of each linear regression model for the physical performance tests (SPPB,
SPPB-G, 6MWT, and ISWT) without fear of falling as a predictor. 6MWT: 6-minute walk test; ISWT: Incremental Shuttle Walk
Test; SPPB: Short Physical Performance Battery; SPPB-G: gait component of the Short Physical Performance Battery.
[DOCX File , 17 KB-Multimedia Appendix 1]

References

1. Bishop NJ, Haas SA, Quiñones AR. Cohort trends in the burden of multiple chronic conditions among aging U.S. adults.
J Gerontol B Psychol Sci Soc Sci. 2022;77(10):1867-1879. [FREE Full text] [doi: 10.1093/geronb/gbac070] [Medline:
35642746]

2. Gao J, Gao Q, Huo L, Yang J. Impaired activity of daily living status of the older adults and its influencing factors: a
cross-sectional study. Int J Environ Res Public Health. 2022;19(23):15607. [FREE Full text] [doi: 10.3390/ijerph192315607]
[Medline: 36497680]

3. Acree LS, Longfors J, Fjeldstad AS, Fjeldstad C, Schank B, Nickel KJ, et al. Physical activity is related to quality of life
in older adults. Health Qual Life Outcomes. 2006;4:37. [FREE Full text] [doi: 10.1186/1477-7525-4-37] [Medline: 16813655]

4. Bauer UE, Briss PA, Goodman RA, Bowman BA. Prevention of chronic disease in the 21st century: elimination of the
leading preventable causes of premature death and disability in the USA. Lancet. 2014;384(9937):45-52. [doi:
10.1016/S0140-6736(14)60648-6] [Medline: 24996589]

5. Tak E, Kuiper R, Chorus A, Hopman-Rock M. Prevention of onset and progression of basic ADL disability by physical
activity in community dwelling older adults: a meta-analysis. Ageing Res Rev. 2013;12(1):329-338. [doi:
10.1016/j.arr.2012.10.001] [Medline: 23063488]

6. Veronese N, Stubbs B, Fontana L, Trevisan C, Bolzetta F, Rui MD, et al. A comparison of objective physical performance
tests and future mortality in the elderly people. J Gerontol A Biol Sci Med Sci. 2017;72(3):362-368. [doi:
10.1093/gerona/glw139] [Medline: 27470299]

7. Landi F, Calvani R, Picca A, Tosato M, D'Angelo E, Martone AM, et al. Relationship between cardiovascular health metrics
and physical performance in community-living people: results from the longevity check-up (Lookup) 7+ project. Sci Rep.
2018;8(1):16353. [FREE Full text] [doi: 10.1038/s41598-018-34746-4] [Medline: 30397361]

8. Singh DKA, Pillai SGK, Tan ST, Tai CC, Shahar S. Association between physiological falls risk and physical performance
tests among community-dwelling older adults. Clin Interventions Aging. 2015;10:1319-1326. [FREE Full text] [doi:
10.2147/CIA.S79398] [Medline: 26316727]

9. Veronese N, Stubbs B, Trevisan C, Bolzetta F, de Rui M, Solmi M, et al. Poor physical performance predicts future onset
of depression in elderly people: progetto veneto anziani longitudinal study. Phys Ther. 2017;97(6):659-668. [doi:
10.1093/ptj/pzx017] [Medline: 28201628]

10. Duggan JP, Peters AS, Trachiotis GD, Antevil JL. Epidemiology of coronary artery disease. Surg Clin North Am.
2022;102(3):499-516. [doi: 10.1016/j.suc.2022.01.007] [Medline: 35671770]

11. Liu Q, Liu FC, Huang KY, Li JX, Yang XL, Wang XY, et al. Beneficial effects of moderate to vigorous physical activity
on cardiovascular disease among Chinese adults. J Geriatr Cardiol. 2020;17(2):85-95. [FREE Full text] [doi:
10.11909/j.issn.1671-5411.2020.02.001] [Medline: 32165881]

12. LaCroix AZ, Bellettiere J, Rillamas-Sun E, Di C, Evenson KR, Lewis CE, et al. Association of light physical activity
measured by accelerometry and incidence of coronary heart disease and cardiovascular disease in older women. JAMA
Netw Open. 2019;2(3):e190419. [FREE Full text] [doi: 10.1001/jamanetworkopen.2019.0419] [Medline: 30874775]

13. Ambrose AF, Paul G, Hausdorff JM. Risk factors for falls among older adults: a review of the literature. Maturitas.
2013;75(1):51-61. [doi: 10.1016/j.maturitas.2013.02.009] [Medline: 23523272]

14. Florence CS, Bergen G, Atherly A, Burns E, Stevens J, Drake C. Medical costs of fatal and nonfatal falls in older adults.
J Am Geriatr Soc. 2018;66(4):693-698. [FREE Full text] [doi: 10.1111/jgs.15304] [Medline: 29512120]

15. Choudhury R, Park JH, Banarjee C, Coca MG, Fukuda DH, Xie R, et al. Associations between monitor-independent
movement summary (MIMS) and fall risk appraisal combining fear of falling and physiological fall risk in
community-dwelling older adults. Front Aging. 2024;5:1284694. [doi: 10.3389/fragi.2024.1284694] [Medline: 38660534]

Interact J Med Res 2024 | vol. 13 | e53304 | p. 9https://www.i-jmr.org/2024/1/e53304
(page number not for citation purposes)

Banarjee et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=ijmr_v13i1e53304_app1.docx&filename=e201ae5c41d60e42e349cbd5754812cc.docx
https://jmir.org/api/download?alt_name=ijmr_v13i1e53304_app1.docx&filename=e201ae5c41d60e42e349cbd5754812cc.docx
https://europepmc.org/abstract/MED/35642746
http://dx.doi.org/10.1093/geronb/gbac070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35642746&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph192315607
http://dx.doi.org/10.3390/ijerph192315607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36497680&dopt=Abstract
https://hqlo.biomedcentral.com/articles/10.1186/1477-7525-4-37
http://dx.doi.org/10.1186/1477-7525-4-37
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16813655&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(14)60648-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24996589&dopt=Abstract
http://dx.doi.org/10.1016/j.arr.2012.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23063488&dopt=Abstract
http://dx.doi.org/10.1093/gerona/glw139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27470299&dopt=Abstract
https://doi.org/10.1038/s41598-018-34746-4
http://dx.doi.org/10.1038/s41598-018-34746-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30397361&dopt=Abstract
https://europepmc.org/abstract/MED/26316727
http://dx.doi.org/10.2147/CIA.S79398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26316727&dopt=Abstract
http://dx.doi.org/10.1093/ptj/pzx017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28201628&dopt=Abstract
http://dx.doi.org/10.1016/j.suc.2022.01.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35671770&dopt=Abstract
https://europepmc.org/abstract/MED/32165881
http://dx.doi.org/10.11909/j.issn.1671-5411.2020.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32165881&dopt=Abstract
https://europepmc.org/abstract/MED/30874775
http://dx.doi.org/10.1001/jamanetworkopen.2019.0419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30874775&dopt=Abstract
http://dx.doi.org/10.1016/j.maturitas.2013.02.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23523272&dopt=Abstract
https://europepmc.org/abstract/MED/29512120
http://dx.doi.org/10.1111/jgs.15304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29512120&dopt=Abstract
http://dx.doi.org/10.3389/fragi.2024.1284694
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38660534&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


16. Hill MW, Price MJ. Exercise testing in older adults. In: Sport and Exercise Physiology Testing Guidelines. London, United
Kingdom. Routledge; 2022:284-290.

17. Rikli RE, Jones CJ. Assessing physical performance in independent older adults: issues and guidelines. J Aging Phys Act.
1997;5(3):244-261. [doi: 10.1123/japa.5.3.244]

18. Fermont JM, Mohan D, Fisk M, Bolton CE, Macnee W, Cockcroft JR, et al. Short physical performance battery as a practical
tool to assess mortality risk in chronic obstructive pulmonary disease. Age Ageing. 2021;50(3):795-801. [FREE Full text]
[doi: 10.1093/ageing/afaa138] [Medline: 32894757]

19. Kammin EJ. The 6-Minute walk test: indications and guidelines for use in outpatient practices. J Nurse Pract.
2022;18(6):608-610. [FREE Full text] [doi: 10.1016/j.nurpra.2022.04.013] [Medline: 35578650]

20. Karanfil E, Salcı Y, Balkan AF, Sütçü G, Tuncer A. Reliability and validity of the incremental shuttle walk test in patients
with fully ambulatory multiple sclerosis. Mult Scler Relat Disord. 2023;70:104522. [doi: 10.1016/j.msard.2023.104522]
[Medline: 36682242]

21. Huang WNW, Mao HF, Lee HM, Chi WC. Association between fear of falling and seven performance-based physical
function measures in older adults: a cross-sectional study. Healthcare (Basel). 2022;10(6):1139. [FREE Full text] [doi:
10.3390/healthcare10061139] [Medline: 35742190]

22. Nguyen USDT, Kiel DP, Li W, Galica AM, Kang HG, Casey VA, et al. Correlations of clinical and laboratory measures
of balance in older men and women. Arthritis Care Res (Hoboken). 2012;64(12):1895-1902. [FREE Full text] [doi:
10.1002/acr.21783] [Medline: 22745045]

23. van Lummel RC, Walgaard S, Pijnappels M, Elders PJM, Garcia-Aymerich J, van Dieën JH, et al. Physical performance
and physical activity in older adults: associated but separate domains of physical function in old age. PLoS One.
2015;10(12):e0144048. [FREE Full text] [doi: 10.1371/journal.pone.0144048] [Medline: 26630268]

24. Brogårdh C, Flansbjer UB, Lexell J. Determinants of falls and fear of falling in ambulatory persons with late effects of
polio. PM R. 2017;9(5):455-463. [doi: 10.1016/j.pmrj.2016.08.006] [Medline: 27546494]

25. Langhammer B, Lindmark B, Stanghelle JK. The relation between gait velocity and static and dynamic balance in the early
rehabilitation of patients with acute stroke. Adv Physiother. 2009;8(2):60-65. [doi: 10.1080/14038190600621730]

26. Dibben G, Hillsdon M, Dalal HM, Metcalf B, Doherty P, Hermanntang L, et al. Factors associated with objectively assessed
physical activity levels of heart failure patients. J Clin Exp Cardiol. 2020;11(4):655. [FREE Full text]

27. Spagnuolo DL, Jürgensen SP, Iwama AM, Dourado VZ. Walking for the assessment of balance in healthy subjects older
than 40 years. Gerontology. 2010;56(5):467-473. [doi: 10.1159/000275686] [Medline: 20090294]

28. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG, et al. A short physical performance battery
assessing lower extremity function: association with self-reported disability and prediction of mortality and nursing home
admission. J Gerontol. 1994;49(2):M85-M94. [doi: 10.1093/geronj/49.2.m85] [Medline: 8126356]

29. Kitai T, Shimogai T, Tang WHW, Iwata K, Xanthopoulos A, Otsuka S, et al. Short physical performance battery vs. 6-minute
walking test in hospitalized elderly patients with heart failure. Eur Heart J Open. 2021;1(1):oeab006. [FREE Full text] [doi:
10.1093/ehjopen/oeab006] [Medline: 35919089]

30. Osailan AM. Cardiopulmonary response during incremental shuttle walking test in a hallway versus on treadmill in phase
IV cardiac rehabilitation: a cross-sectional study. Sci Rep. 2023;13(1):12806. [FREE Full text] [doi:
10.1038/s41598-023-39999-2] [Medline: 37550436]

31. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, et al. Asian working group for sarcopenia: 2019
consensus update on sarcopenia diagnosis and treatment. J Am Med Dir Assoc. 2020;21(3):300-307.e2. [doi:
10.1016/j.jamda.2019.12.012] [Medline: 32033882]

32. Freiberger E, de Vreede P, Schoene D, Rydwik E, Mueller V, Frändin K, et al. Performance-based physical function in
older community-dwelling persons: a systematic review of instruments. Age Ageing. 2012;41(6):712-721. [doi:
10.1093/ageing/afs099] [Medline: 22885845]

33. Fisher S, Ottenbacher KJ, Goodwin JS, Graham JE, Ostir GV. Short physical performance battery in hospitalized older
adults. Aging Clin Exp Res. 2009;21(6):445-452. [FREE Full text] [doi: 10.1007/BF03327444] [Medline: 20154514]

34. Bellet RN, Adams L, Morris NR. The 6-minute walk test in outpatient cardiac rehabilitation: validity, reliability and
responsiveness—a systematic review. Physiotherapy. 2012;98(4):277-286. [doi: 10.1016/j.physio.2011.11.003] [Medline:
23122432]

35. Parreira VF, Janaudis-Ferreira T, Evans RA, Mathur S, Goldstein RS, Brooks D. Measurement properties of the incremental
shuttle walk test. a systematic review. Chest. 2014;145(6):1357-1369. [doi: 10.1378/chest.13-2071] [Medline: 24384555]

36. Santos-Lozano A, Marín PJ, Torres-Luque G, Ruiz JR, Lucía A, Garatachea N. Technical variability of the GT3X
accelerometer. Med Eng Phys. 2012;34(6):787-790. [doi: 10.1016/j.medengphy.2012.02.005] [Medline: 22417978]

37. Migueles JH, Rowlands AV, Huber F, Sabia S, van Hees VT. GGIR: a research community–driven open source R package
for generating physical activity and sleep outcomes from multi-day raw accelerometer data. J Meas Phys Behav.
2019;2(3):188-196. [doi: 10.1123/jmpb.2018-0063]

38. van Hees VT, Fang Z, Langford J, Assah F, Mohammad A, da Silva ICM, et al. Autocalibration of accelerometer data for
free-living physical activity assessment using local gravity and temperature: an evaluation on four continents. J Appl Physiol
(1985). 2014;117(7):738-744. [FREE Full text] [doi: 10.1152/japplphysiol.00421.2014] [Medline: 25103964]

Interact J Med Res 2024 | vol. 13 | e53304 | p. 10https://www.i-jmr.org/2024/1/e53304
(page number not for citation purposes)

Banarjee et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1123/japa.5.3.244
https://europepmc.org/abstract/MED/32894757
http://dx.doi.org/10.1093/ageing/afaa138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32894757&dopt=Abstract
https://europepmc.org/abstract/MED/35578650
http://dx.doi.org/10.1016/j.nurpra.2022.04.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35578650&dopt=Abstract
http://dx.doi.org/10.1016/j.msard.2023.104522
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36682242&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare10061139
http://dx.doi.org/10.3390/healthcare10061139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35742190&dopt=Abstract
https://europepmc.org/abstract/MED/22745045
http://dx.doi.org/10.1002/acr.21783
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22745045&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0144048
http://dx.doi.org/10.1371/journal.pone.0144048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26630268&dopt=Abstract
http://dx.doi.org/10.1016/j.pmrj.2016.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27546494&dopt=Abstract
http://dx.doi.org/10.1080/14038190600621730
https://www.longdom.org/open-access/factors-associated-with-objectively-assessed-physical-activity-levels-of-heart-failure-patients.pdf
http://dx.doi.org/10.1159/000275686
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20090294&dopt=Abstract
http://dx.doi.org/10.1093/geronj/49.2.m85
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8126356&dopt=Abstract
https://europepmc.org/abstract/MED/35919089
http://dx.doi.org/10.1093/ehjopen/oeab006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35919089&dopt=Abstract
https://doi.org/10.1038/s41598-023-39999-2
http://dx.doi.org/10.1038/s41598-023-39999-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37550436&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2019.12.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32033882&dopt=Abstract
http://dx.doi.org/10.1093/ageing/afs099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22885845&dopt=Abstract
https://europepmc.org/abstract/MED/20154514
http://dx.doi.org/10.1007/BF03327444
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20154514&dopt=Abstract
http://dx.doi.org/10.1016/j.physio.2011.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23122432&dopt=Abstract
http://dx.doi.org/10.1378/chest.13-2071
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24384555&dopt=Abstract
http://dx.doi.org/10.1016/j.medengphy.2012.02.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22417978&dopt=Abstract
http://dx.doi.org/10.1123/jmpb.2018-0063
https://journals.physiology.org/doi/abs/10.1152/japplphysiol.00421.2014?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1152/japplphysiol.00421.2014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25103964&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


39. Choudhury R, Park JH, Banarjee C, Thiamwong L, Xie R, Stout JR. Associations of mutually exclusive categories of
physical activity and sedentary behavior with body composition and fall risk in older women: a cross-sectional study. Int
J Environ Res Public Health. 2023;20(4):3595. [FREE Full text] [doi: 10.3390/ijerph20043595] [Medline: 36834290]

40. Choudhury R, Park JH, Thiamwong L, Xie R, Stout JR. Objectively measured physical activity levels and associated factors
in older US women during the COVID-19 pandemic: cross-sectional study. JMIR Aging. 2022;5(3):e38172. [FREE Full
text] [doi: 10.2196/38172] [Medline: 35994346]

41. Sabia S, van Hees VT, Shipley MJ, Trenell MI, Hagger-Johnson G, Elbaz A, et al. Association between questionnaire- and
accelerometer-assessed physical activity: the role of sociodemographic factors. Am J Epidemiol. 2014;179(6):781-790.
[FREE Full text] [doi: 10.1093/aje/kwt330] [Medline: 24500862]

42. Goble DJ. The BTrackS™ balance test is a valid predictor of older adult falling. DanielJGoble.com. 2018. URL: https:/
/www.danieljgoble.com/wp-content/uploads/2018/05/Validating-BTrackS-FRA.pdf [accessed 2024-10-29]

43. Kempen GIJM, Yardley L, van Haastregt JCM, Zijlstra GAR, Beyer N, Hauer K, et al. The Short FES-I: a shortened version
of the falls efficacy scale-international to assess fear of falling. Age Ageing. 2008;37(1):45-50. [doi: 10.1093/ageing/afm157]
[Medline: 18032400]

44. Yardley L, Beyer N, Hauer K, Kempen G, Piot-Ziegler C, Todd C. Development and initial validation of the falls efficacy
scale-international (FES-I). Age Ageing. 2005;34(6):614-619. [doi: 10.1093/ageing/afi196] [Medline: 16267188]

45. Delbaere K, Close JCT, Mikolaizak AS, Sachdev PS, Brodaty H, Lord SR. The falls efficacy scale international (FES-I).
A comprehensive longitudinal validation study. Age Ageing. 2010;39(2):210-216. [doi: 10.1093/ageing/afp225] [Medline:
20061508]

46. Vergano LB, Monesi M, Vicenti G, Bizzoca D, Solarino G, Moretti B. Posterior approaches in malleolar fracture: when,
why and how. J Biol Regul Homeost Agents. 2020;34(3 Suppl. 2):89-95. [Medline: 32856446]

47. de Winter JCF, Gosling SD, Potter J. Comparing the Pearson and Spearman correlation coefficients across distributions
and sample sizes: a tutorial using simulations and empirical data. Psychol Methods. 2016;21(3):273-290. [doi:
10.1037/met0000079] [Medline: 27213982]

48. Kervio G, Carre F, Ville NS. Reliability and intensity of the six-minute walk test in healthy elderly subjects. Med Sci Sports
Exerc. 2003;35(1):169-174. [doi: 10.1097/00005768-200301000-00025] [Medline: 12544651]

49. Sebio-Garcia R, Dana F, Gimeno-Santos E, López-Baamonde M, Ubré M, Montané-Muntané M, et al. Repeatability and
learning effect in the 6MWT in preoperative cancer patients undergoing a prehabilitation program. Support Care Cancer.
2022;30(6):5107-5114. [doi: 10.1007/s00520-022-06934-6] [Medline: 35229179]

50. Struble-Fitzsimmons D. Using quality improvement methodology to standardize procedures of the 6 minute walk test on
an inpatient cardiopulmonary program. GGM. 2020;6(6):1-5. [doi: 10.24966/ggm-8662/100081]

51. Regan E, Middleton A, Stewart JC, Wilcox S, Pearson JL, Fritz S. The six-minute walk test as a fall risk screening tool in
community programs for persons with stroke: a cross-sectional analysis. Top Stroke Rehabil. 2020;27(2):118-126. [FREE
Full text] [doi: 10.1080/10749357.2019.1667657] [Medline: 31622172]

52. Alosaimi RM, Almegbas NR, Almutairi GR, Alqahtani MA, Batook SG, Alfageh IA, et al. The five times sit-to-stand test
is associated with both history of falls and fear of falling among community adults aged 50 years and older. Ir J Med Sci.
2023;192(5):2533-2540. [doi: 10.1007/s11845-023-03287-9] [Medline: 36701043]

53. Mitchell KE, Johnson V, Houchen-Wolloff L, Sewell L, Morgan MD, Steiner MC, et al. Agreement between adherences
to four physical activity recommendations in patients with COPD: does the incremental shuttle walk test predict adherence?
Clin Respir J. 2018;12(2):510-516. [doi: 10.1111/crj.12555] [Medline: 27717153]

54. Green DJ, Watts K, Rankin S, Wong P, O'Driscoll JG. A comparison of the shuttle and 6 minute walking tests with measured
peak oxygen consumption in patients with heart failure. J Sci Med Sport. 2001;4(3):292-300. [doi:
10.1016/s1440-2440(01)80038-4] [Medline: 11702916]

55. Probst VS, Hernandes NA, Teixeira DC, Felcar JM, Mesquita RB, Gonçalves CG, et al. Reference values for the incremental
shuttle walking test. Respir Med. 2012;106(2):243-248. [FREE Full text] [doi: 10.1016/j.rmed.2011.07.023] [Medline:
21865021]

56. Pulz C, Diniz RV, Alves ANF, Tebexreni AS, Carvalho AC, de Paola AAV, et al. Incremental shuttle and six-minute
walking tests in the assessment of functional capacity in chronic heart failure. Can J Cardiol. 2008;24(2):131-135. [FREE
Full text] [doi: 10.1016/s0828-282x(08)70569-5] [Medline: 18273487]

57. Banarjee C. Comparison of physical performance tests in older adults. May 25, 2024. URL: https://osf.io/etjxfMLA/
[accessed 2024-11-09]

Abbreviations
6MWT: 6-minute walk test
BBP: BTrackS Balance Plate
BBS: BTrackS Balance System
FES-I: Fall Efficacy Scale-International
FoF: fear of falling

Interact J Med Res 2024 | vol. 13 | e53304 | p. 11https://www.i-jmr.org/2024/1/e53304
(page number not for citation purposes)

Banarjee et alINTERACTIVE JOURNAL OF MEDICAL RESEARCH

XSL•FO
RenderX

https://www.mdpi.com/resolver?pii=ijerph20043595
http://dx.doi.org/10.3390/ijerph20043595
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36834290&dopt=Abstract
https://aging.jmir.org/2022/3/e38172/
https://aging.jmir.org/2022/3/e38172/
http://dx.doi.org/10.2196/38172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35994346&dopt=Abstract
https://europepmc.org/abstract/MED/24500862
http://dx.doi.org/10.1093/aje/kwt330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24500862&dopt=Abstract
https://www.danieljgoble.com/wp-content/uploads/2018/05/Validating-BTrackS-FRA.pdf
https://www.danieljgoble.com/wp-content/uploads/2018/05/Validating-BTrackS-FRA.pdf
http://dx.doi.org/10.1093/ageing/afm157
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18032400&dopt=Abstract
http://dx.doi.org/10.1093/ageing/afi196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16267188&dopt=Abstract
http://dx.doi.org/10.1093/ageing/afp225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20061508&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32856446&dopt=Abstract
http://dx.doi.org/10.1037/met0000079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27213982&dopt=Abstract
http://dx.doi.org/10.1097/00005768-200301000-00025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12544651&dopt=Abstract
http://dx.doi.org/10.1007/s00520-022-06934-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35229179&dopt=Abstract
http://dx.doi.org/10.24966/ggm-8662/100081
https://europepmc.org/abstract/MED/31622172
https://europepmc.org/abstract/MED/31622172
http://dx.doi.org/10.1080/10749357.2019.1667657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31622172&dopt=Abstract
http://dx.doi.org/10.1007/s11845-023-03287-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36701043&dopt=Abstract
http://dx.doi.org/10.1111/crj.12555
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27717153&dopt=Abstract
http://dx.doi.org/10.1016/s1440-2440(01)80038-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11702916&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0954-6111(11)00259-9
http://dx.doi.org/10.1016/j.rmed.2011.07.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21865021&dopt=Abstract
https://europepmc.org/abstract/MED/18273487
https://europepmc.org/abstract/MED/18273487
http://dx.doi.org/10.1016/s0828-282x(08)70569-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18273487&dopt=Abstract
https://osf.io/etjxfMLA/
http://www.w3.org/Style/XSL
http://www.renderx.com/


ISWT: Incremental Shuttle Walk Test
LPA: light-intensity physical activity
MVPA: moderate to vigorous physical activity
PPT: physical performance test
SB: sedentary behavior
SPPB: Short Physical Performance Battery
SPPB-G: gait component of the Short Physical Performance Battery
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